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(54) Composite hps£ for ttrei conveying of refrigerant 

(57) A composite hose for conveying of refrigerant 
includes an inner surface resin layer 11, an inner tube 
rubber layer 12, reinforcing layers 13, 15 formed from 
polyethylene naphthalate filaments, and an outer cover 
rubber layer 16. By forming the reinforcing layers from 
polyethylene naphthalate, regardless of whether there 
is an inner surface resin layer, the composite hose has 
excellent flexibility, little permeation of refrigerant excel- 
lent heat resistance, excellent durability, and is inexpen- 
sive. 
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Description \ 

BACKGROUND OF THE INVENTION 
5 Reld of the Invention 

[0001] The present invention relates to a composite hose for the conveying of refrigerant which is formed by combin- 
ing a resin layer, a rubber layer, and a reinforcing layer. 

10 Description of the Related Art " '* " 

[0002] A composite hose has, as the innermost layer thereof, an inner surface resin layer made of nylon or the like 
An inner tube rubber layer, a reinforcing layer and an outer covering rubber layer are iayered successively at the outer 
surface of this inner surface resin layer. Such a composite hose has excellent resistance to refrigerant permeation 
resistance to water permeation, heat resistance and durability, and is widely used mainly as a hose for the conveying 
of refrigerant in vehicles. ; 

[0003] In recent years, engine rooms of vehicles have become hotter due to the engine room being made more com- 
pact Further, reduction of the emission of gasses contrfouting to global warming has become more and more desirable 
Thus, the need has arisen to suppress even more the amount of refrigerant permeating through the hose in a vehicle 
Moreover, a hose having excellent flexibility has been desired in order to reduce vibration sounds in the passenger com- 
partment of a vehicle. Thus, a hose having an inner surface resin layer has actually been provided as a hose for the 
conveying of refrigerant in vehicles which achieves both a reduction in the emissions in a high temperature environment 
and excellent flexibility. 

[0004] However, in such hoses for the conveying of refrigerant which have actually been provided until now in order 
to achieve the desired reduction in emissions, the hard inner surface resin layer (barrier layer) has had to be made thick 
which results in flexibility having to be sacrificed. Further, in order to improve the heat resistance and durability to 
address the increase in temperatures within the engine room which has become more marked in recent years, harder 
structural materials may be used, but this too results in flexibility having to be sacrificed. Moreover, in order to improve 
the fatigue resistance, reduce the amount of refrigerant which permeates through; and improve the heat resistance and 
durability by increasing the modulus of elasticity of the reinforcing f ilaments; used in the hose, aramid has been used as 
a material for the reinforcing filaments. However, the drawback of using aramid is that it is expensive: . 

SUMMARY OF THE INVENTION 



20 



25 



30 



35 



40 



[0005] the object of the present invention is to provide at a low cost a composite hose which on the whole is extremely 
flexible despite having an inner surface resin layer barrier layer, and through which there is little permeation of refriger- 
ant, and which has excellent heat resistance and durability. 

[0006] In order to overcome the aforementioned drawbacks, the present invention provides a composite hose for the 
conveying of refrigerant in which an inner surface resin layer, an inner tube rubber layer, a reinforcing layer and an outer 
cover rubber layer are layered in that order from the inner side, wherein the material of the reinforcing layer is polyeth- 
ylene naphthalate filaments. 



BRIEF DESCRIPTION OF THE DRAWINGS 
43 [0007] 

Fig. 1 is a perspective view of a composite hose for the conveying of refrigerant of an embodiment of the present 
inventioa 

Fig. 2 is a perspective view of a composite hose for the conveying of refrigerant of another embodiment of the 
so present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0008] The composite hose for the conveying of refrigerant of the present invention has. as the innermost layer 
thereof, an inner surface resin layer whose main component is polyamide or the like. This inner surface resin layer 
mainly functions as a barrier which suppresses the permeation of refrigerant. In general, the harder the resin, or, the 
thicker the resin layer, the better the barrier function for suppressing refrigerant permeation. However, the thickness of 
the resin layer must be determined by taking the hardness of the resin material into consideration in order to not 
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adversely affect the flexibility of the hose. 

[0009] Namely, the material used for the inner surface resin layer is selected in consideration of refrigerant permeation 
resistance, heat resistance, oil resistance, fatigue resistance, as well as flexibility. For example, 6-nylon or a nylon alloy 
material in which 6^nylon is the main component and a polyolefin is added thereto is preferable. If necessary, 12-nylon 

5 may be used or a 6,6 copolymer nylon may be used. Further, resins other than nylon, such as fluorine resins, may be 
used. The thickness of the resin layer is usually in a range of 0.05 to 0.50 mm. and is preferably 0.1 to 0.2 mm. 
[0010] An adhesive layer is provided on the inner surface resin layer in order to strengthen the adhesion between the 
inner surface resin layer and the inner tube rubber. However, if the inner surface resin layer is formed of a compound 
which obtains sufficient adhesive strength even without an adhesive layer, there is no need to provide an adhesive layer. 

io Further, the inner surface resin layer may be subjected to a surface treatment such as corona discharge treatment or 
the like. 

[0011] The layer on the inner surface resin layer is the inner tube rubber layer which supports the internal pressure, 
suppresses permeation of refrigerant, and reduces the penetration of moisture from the outside. The material for and 
the thickness of the inner tube layer are selected in consideration of the permeation properties, the flexibility and the 

75 like. Further, the thicker the rubber layer, the better the property of suppressing permeation of moisture. 

[0012] The materialof the inner tube rubber layer is selected in consideration of water permeation resistance, heat 
resistance and flexibility. Usually, the fluid flowing therein is the refrigerant HFC-1 34a (1, 1,1, 2-tetraflu6rqethane) and 
PAG (poly alkylene glycol) which easily absorb moisture. Therefore, IIR is preferably used in consideration of the water 
permeation resistance because of its good ability to prevent moisture from penetrating into the air conditioning system. 

20 EPDM and the like are other rubbers which have good water permeation resistance, and thus may be used. Further, if 
the fluid flowing within the hose is a gas other than HFC-134a (e.g., C0 2 . propane gas) and it is not overly important to 
consider water permeation resistance, NBR, CR and the like may be used. The thickness of the inner tube rubber layer 
is usually in the range of 0.5 to 2.5 mm, and is preferably 0.8 to 1 .5 mm. 

[0013] Reinforcing filaments are wound in a spiral around the exterior of the inner tube rubber layer so as to form a 

25 reinforcing layer. This reinforcing layer supports the pressure of the internal fluid and suppresses variations in the inter- 
nal diameter of the hose at the time internal pressure is applied to the hose. The material used for the reinforcing fila- 
ment must have a high modulus of elasticity, and must have excellent fatigue resistance and heat resistance. The 
thickness of the reinforcing filament and the number of wound filaments are determined in consideration of the degree 
of safety in light of the actual pressure to be used: 

30 [0014] The material used for the reinforcing layer must be heat-resistant, fatigue resistant, very strong, and have a 
high modulus of elasticity. In the present invention, polyethylene naphthalate (PEN) filaments are used in light of these 
requisite properties: Compared with PET filaments, vinylon filaments, nylon filaments and the like which are usually 
used, polyethylene naphthalate filaments have a high modulus of elasticity and excellent heat resistance. Namely, the 
modulus of elasticity of PEN f ilaments under 2% strain is 3.3 g/denier. For PET, this value is 1 .1 , and for nylon, this value 

35 is 0.8. Thus, the modulus of elasticity of PEN is markedly high. Aramid filaments have excellent modulus of elasticity 
(16.1). break strength, and heat resistance, but are expensive, and the fatigue resistance thereof when subjected to 
compression deteriorates extremely. Thus, aramid filaments are not used in the present invention. 
[001 5] The thickness of the PEN filament used in the present invention is usually in the range of 500 to 7000 deniers, 
and is preferably 2000 to 5000 deniers. The number of reinforcing filaments depends on the diameter of the hose, but 

40 usually, per reinforcing layer, 8 to 60 filaments are used, and 12 to 36 filaments, are preferably used. A hose for the con- 
veying of refrigerant usually has an internal diameter of about 6 to 26 mm and an external diameter of about 12 to 36 
mm. The pressure used is about 0,5 to 3.5 MPa, and the break pressure is about 8 to 35 MPa, If designing is carried 
out so as to satisfy these conditions, the preferable thickness and the preferable. count of the reinforcing filaments can 
be determined. 

45 [0016] In the present invention, there are two or more reinforcing layers which have a spiral structure, and spirals of 
adjacent layers are in opposite directions. Intermediate rubber layeirs may be provided between the respective reinforc- 
ing layers if needed. Further, a wound underlayer may be provided between the reinforcing layer and the intermediate 
rubber layer. Moreover, if needed, a filament or filaments may be provided at. the outer peripheral surface of the rein- 
forcing layer to fix the filaments of the reinforcing layer. 

so [0017] If the modulus of elasticity of the reinforcing filament is high, there is less change in the inner diameter of the 
hcse when pressure is applied thereto than in a case in which a filament having a low modulus of elasticity is used. 
Thus, under the same environmental conditions, the internal diameter of a hose with reinforcing filament of a high mod- 
ulus of elasticity is relatively smaller, and as a result, the amount of refrigerant permeating therethrough is reduced. 
Accordingly, the inner surface resin layer can be made more thin than conventional inner surface resin layers, and the 

55 flexibility can be improved. Moreover, because the amount of change in the internal diameter with respect to repeated 
application of internal pressure is small, the stress applied to the inner surface resin material and the like is small, and 
thus, the fatigue resistance improves. 

[001 8] The outermost layer, which is provided on the reinforcing layer, is the outer cover rubber which mainly functions 
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to protect the reinforcing layer. In selecting the material and thickness of the outer cover rubber, ozone crack resistance, 
heat resistance, oil resistance, flexibility, external appearance and the like are considered. It is usually good to use 
EPDM. CR f IIR. SBR and the like may also be used. The thickness of the outer cover rubber is usually in the range of 
0.5 to 2.5 mm, and is preferably 0.8 to 1.5 mm. If. needed, pricking holes for.the release; of gas may be provided in the 
5 surface of the outer cover rubber. 

[001 9] By providing a wourri underlayer on top of the relatively flexible inner tube rubber layer, the firm base is estab- 
lished, the lay of the reinforcing layer thereon is improved, and the ability to withstand repeated application of pressure 
at high temperatures can be improved without adversely affecting the other properties. 

[0020] Organicfiber materials such as nylon, PET, vinylon, aramid, PEN, aromatic polyester, and the like may be used 
10 for the material for the wound underlayer. The thickness of the filament used in the wound urjderlayer is usually in the 
range of 300 to 4000 deniers. More specifically thicknesses of 500 to 2000 deniers are often used. The number of 
wound underlayer filaments differs in accordance with the diameter of the hose, but per layer, 4 to 36 filaments are usu- 
ally used, and preferably 8 to 24 filaments are used. 

[0021] The above-described composite hose for the conveying of automobile refrigerant is reinforced by polyethylene 
is naphthalate fiber filaments which have a high modulus of elasticity and are inexpensive. Thus, even if the inner surface 
resin barrier layer is thin, a composite hose which has a low amount of refrigerant permeation and which has excellent 
heat resistance, durability, and flexibility can be provided at a low cost so as to achieve the intended object; 

EXAMPLE ... 
20 '■ ■ . ■ ■■' . . .-• . ■ . ... . ... ■ . .... 

[0022] The composite hose for the conveying of refrigerant of the present invention will be described in further detail 
hereinafter by the following example. 

[0023] Fig. 1 illustrates a first embodiment of the composite hose for the conveying of refrigerant of the present inven- 
tion. In Fig. 1, reference numeral 11 is an inner surface resin layer which, in consideration of refrigerant permeation 

25 resistance, heat resistance, oil resistance, fatigue resistance and flexibility, is made from a nylon alloy material in which 
polyblefin is added to the main component of 6-nylon. The thickness of the. resin: layer 11 is 120 jim 
[0024] Reference numeral 12 is an inner tube rubber layer. The material therefor is selected in; consideration of water 
permeation resistance, heat resistance, and flexibility. In the present embodiment, the fluid flowing through the hose is 
the refrigerant HFC- 134a and PAG which easily absorb moisture. IIR is used as the material for the inner tube rubber 

3a layer because of its good ability to prevent moisture from penetrating into 

[0025] Reference numerals 13 and 15 are reinforcing layers. In the present embodiment, there are these two. reinforc- 
ing layers each havihg^a spiral structure, and an intermediate rubber layer 14 is provided therebetween. In considera- 
tion of the properties required for such reinforcing layers, polyethylene naphthalate (PEN) filaments are used; 
[0026] Reference numeral 16 is an outside cover rubber layer. In the present embodiment, EPDM is used as the mate- 

35 rial therefor in consideration of heat resistance, ozone crack resistance and flexibility. In the present embodiment, prick- 
ing holes for allowing gas to escape are provided in the reinforcing layers.. 

[0027] The thickness of the inner tube rubber 1 2 is 1 .5 mm. The thickness of the PEN filaments of the reinforcing lay- 
ers 13, 15 is 4000 deniers, and the count is 22 for each reinforcing layer 13, 15.. The thickness of the outer cover rubber 
layer 16 is 1.2 mm. The intermediate rubber layer 14 is formed from an IIR rubber. . 
40 [0028] Fig. 2 illustrates a second embodiment of the composite hose for the conveying of refrigerant according to the 
present invention. ..- 

[0029] The second embodiment differs from the first embodiment in that, in the second embodiment, wound under- 
layers 1 7, 1 8 are provided between the inner tube rubber layer 12 and the reinforcing layer 13. The inner surface resin 
layer, the inner tube rubber layer, the reinforcing layers, the intermediate rubber layer, and the outer cover rubber layer 
45 are the same as those, of the first embodiment. Nylon filaments are used for the wound underlayers 17, 18. The thick- 
ness of the nylon filaments of the wound underlayers 17, 18 is 1000 deniers, and each wound underlayer 17, 18 has a 
. count of 12. 

[0030] These composite hoses for the conveying of refrigerant were subjected to various tests and evaluated. The 
results are listed in Table 1. The dimensions of the respective hoses listed in Table 1 are all the same (inner diameter: 
so 1 1 mm; outer diameter: 19 mm), and all of the conditions are the same except for the materials of the reinforcing fila- 
ments. 
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35 Examples 1 and 2 

[0031] As can be seen from the results of evaluation in Table 1, Examplesl and 2 received ratings of good (O) or 
excellent (©) in all categories. 

to Comparative Examples 1 and 2 

[0032] • In Comparative Example 1 which used PET. filaments, when the number of times test was performed was 
increased, the performance under repeated application of pressure and the heat resistance were not satisfactory, and 
the refrigerant permeation resistance was also slightly inferior. 
<s [0033] In Comparative Example 2, the inner surface resin layer was made thick. The refrigerant permeation resistance 
was the same as that of the Examples, but flexibility was sacrificed. 

Comparative Examples 3 and 4 

so [0034] There were no problems with the respective performances of Comparative Example 3 which included wound 
underlayers and whose reinforcing filaments were aramid. However, Comparative Example 3 is expensive. 
[0035] In Comparative Example 4, which included wound underlayers and whose reinforcing filaments were PET, heat 
resistance was slightly inferior. 

[0036] The respective tests were carried out under the following conditions. 

55 

(1) Flexibility 



[0037] The toad at the time the hose was wound around an R100 mandrel was measured. 
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(2) Refrigerant Permeation Resistance 

[0038] The hose was filled with 0.6 g/cm 3 of refrigerant (HFC-1 34a) with respect to the internal volume of the hose, 
and was left for 96 hours in a tank kept at a constant temperature of 100°C. The change between the load at the 24th 
hour and the logd at the 96th hour after the test had begun was measured, and this value was used as the amount of 
refrigerant permeation. 

(3) Performance under Repeated Application of Pressure 

[0039] With both the ambient temperature and the oil temperature set to 1 40°C, pressure of 5.30 MPa was applied in 
30 cycles per minute. The number of times until the hose broke was measured. 

(4) Heat Resistance 

[0040] The hose assembly was placed in a tank kept at a constant temperature of 1 60°C. Each time a predetermined 
period of time elapsed, the hose was removed from the tank, was copledi was placed in water; and a pressure of 3:53 
MPa was applied thereto by nitrogen. It was observed whether there were any air leaks, and the time until an air leak 
occurred was u?ed as the basis for evaluation. - 

(5) Cost 

[0041 ] Cost was evaluated by considering the produceabilHy thereof and the like. 
Claims 

1. A composite hose for the conveying of refrigerant wherein an inner surface resin layer, an inner tube rubber layer, 
a reinforcing layer formed of polyethylene naphthalate filaments, and an outer coyer rubber layer are layered in that 
order from an inner side. 

2. A composite hose for the conveying of refrigerant according to claim 1 , wherein the reinforcing layer comprises two . 
or more layers which are each a spiral structure. 

3. A composite hose for the conveying of refrigerant according to claim 2, wherein the number of polyethylene naph- 
thalate filaments used in one layer of the reinforcing layer is from 8 to 60. 

4. A composite hose for the conveying of refrigerant according to claim 2 or 3, wherein spirals of adjacent layers of 
the reinforcing layer are in opposite directions. 

5. A composite hose for the conveying of refrigerant according to any of claims 2 through 4, wherein an intermediate 
.rubber layer is provided between the respective layers of the reinforcing layer. 

6. ; A composite hose for the conveying of refrigerant according to any of claims 1 through 5, wherein the thickness of 

the polyethylene naphthalate f ilament is.500 to 7000 deniers. . 

7. A composite hoseior the.conveying of refrigerant according to any of claims 1 through 6. wherein the inner surface 
resin layer is formed from polyamide. 

8. A composite hose for the conveying of refrigerant according to claim 7, wherein the inner surface resin layer is . 
formed from nylon. 
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